INTRODUCTION
Malignant melanoma is a malignant tumor commonly found in the skin or other organs, which is produced by malignant transformation of melanocytes [1] . Although the incidence rate of malignant melanoma is relatively low, it has become one of the tumors with the fastest growth of incidence rate in the world, with a growth rate of 7% year by year, and malignant melanoma patients often suffer from metastasis of the focus and the mortality increases significantly with the metastasis of the focus [2] . Currently, the clinical treatments for melanoma are mainly surgical resection, systemic treatment, radiotherapy-based combined treatment, radiotherapy alone, and immunotherapy [3] [4] [5] . Relevant reports show that although good efficacy can be obtained by radical surgery in the early stage, it is difficult to treat malignant melanoma patients with metastasis or diffusion in the late stage, and there are still a large number of melanoma patients with recurrence or poor prognosis, which is also the reason for the high mortality of melanoma [6, 7] . Analysis of the pathogenesis of human melanoma and inhibition of melanoma progression are an important part of melanoma research [8] .
With the in-depth study of tumor-related molecular biology, it was found that microRNAs (miRNAs) are a class of endogenous non-coding single-stranded RNAs with tumor-promoting or tumor-inhibiting functions [9, 10] . MiRNAs play a role in inhibiting or promoting the proliferation of cancer cells in different solid tumors. Current studies showed that miRNAs are abnormally expressed in melanoma [11] . Reports showed that miR-489 expression was down-regulated in malignant melanoma cells, and appropriate up-regulation of miR-489 expression could inhibit the proliferation of malignant melanoma cells [12] . On the other hand, miR-21 was proved to be much more expressed in serum of melanoma patients than in normal serum [13] . However, there is a lack of research on the expression and predictive value of miR-489 and miR-21 in melanoma metastasis. Therefore, this study aimed to provide a new theoretical basis for the molecular diagnosis and treatment of melanoma, and to conduct experimental research on the expression characteristics of miR-489 and miR-21 in melanoma and their clinical significance.
MATERIALS AND METHODS

Collection of materials
A total of 60 patients with malignant melanoma from June 2017 to December 2018 were selected as a research group, including 30 males and 30 females. The average age was 50.45 ± 15.03 years. Forty healthy people who underwent physical examination during the same period were selected as a control group, including 20 males and 20 females. The average age was 50.27 ± 16.19 years. The inclusion criteria were: (1) All melanoma patients included met the diagnostic guidelines of CSCO melanoma expert committee [14] ; (2) liver and kidney functions were normal; and (3) there were no other malignant tumors. All patients who received chemotherapy, immunotherapy, and radiotherapy before operation were excluded. The research was approved by the Ethics Committee of our hospital. Patients and their families were informed in advance before the study was carried out, and informed consent was obtained.
Main reagents, instruments, and detection methods
Main reagents and instruments: Trizol reagent (American Applied Invitrogen company), qRT-PCR kit and minScript reverse transcription kit (Dalian TaKaRa company), HBS-1096A microplate reader (Nanjing Detie Experimental Equipment Co., Ltd.), and real-time quantitative PCR instrument (American BioRad company) were used. The sequences of primers, miRNA negative controls, miR-489, miR-21, and internal reference U6 were designed and synthesized by Shanghai Gemma company. More details are shown in Table 1 .
Detection of miR-489 and miR-21:
qRT-PCR was used to detect the expression of miR-489 and miR-21 in serum in the two groups. Total RNA in serum was extracted and dissolved in 20 μL of DEPC water according to the manufacturer's instructions. Total RNA was then reverse transcribed with a reverse transcription kit. The reaction system was as follows: M-MLV 1 μL, oligo(dT) 1 μL, RNAase inhibitor 0.5 μL, dNTPs 1 μL, and RNase free water supplemented to 15 μL. The mixture was incubated at 38°C for 60 min and then at 85 °C for 5 s. The synthesized c DNA was used as the template for qRT-PCR amplification. A 25-μL PCR reaction system was then prepared: 10 × PCR buffer 2.5 μL, dNTPs 1 μL, upstream and downstream primers 1 μL each, Taq DNA polymerase 0.25 μL, and ddH 2 O supplemented to 25 μL. Reaction conditions were pre-denaturation at 95 °C for 15 min, 35 cycles of denaturation at 95°C for 15 s and annealing at 60 °C for 30 s, and final extension at 72 °C for 15min. Each sample was provided with three multiple wells for three repeated tests. U6 was regarded as the internal reference both for miR-489 and miR-21. After the reaction was completed, the amplification curve and melting curve of real-time PCR were confirmed, and the relative amount of the target gene was calculated according to the result parameters. The relative quantification of target gene was calculated by the 2 -CT method.
Statistical analysis
SPSS 17.0 software was used for statistical analyses. The counting data are expressed as the number of cases/percentage [n (%)], and the X 2 test was used for comparison between the two groups. The measurement data are expressed as the mean ± SD, and the comparison between groups was conducted by the t-test or F-test. ROC curve was drawn, the optimal cut-off value of Jordan index was selected, and the diagnostic efficacy and predictive value of serum miR-489 and miR-21 expression were evaluated. Spearman test was used for correlation analysis. Logistic single-and multiple-factor analyses were performed on the risk factors related to melanoma metastasis. P-values < 0.05 were considered statistically significant.
RESULTS
General clinical data of patients
The age, gender, tumor size, TNM stage, lesion site, and lymph node metastasis were compared between the research group and control group. There were no significant differences between the two group in terms of age, gender, or other clinical data (P > 0.05), as shown in Table 2 .
Expressions of miR-489 and miR-21 in the two groups
qRT-PCR results showed that the expression of miR-489 in serum of the research group and control group were, respectively, (0.47 ± 0.23) and (1.12 ± 0.26). The expression of miR-21 in serum of the research group and control group were (5.28 ± 2.10) and (0.98 ± 0.27), respectively. The expression of miR-489 in the research group Table 1 Primer sequences of miR-489, miR-21, and internal reference U6
Group Forward primer
Reverse primer
was significantly lower than that in the control group (P < 0.001), while the expression of miR-21 in the research group was significantly higher than that in the control group (P < 0.001). More details are shown in Figure 1A and B.
Relationship between expression levels of miR-489 and miR-21 and clinicopathological characteristics of melanoma
Relationship between expression levels of miR-489 and clinicopathological characteristics of melanoma:
The expression levels of miR-489 in serum did not differ significantly between melanoma patients aged ≤ 50 years and those aged > 50 years (0.43 ± 0.26 vs 0.51 ± 0.20 P > 0.05), between male and female melanoma patients (0.54 ± 0.18 vs 0.42 ± 0.28, P > 0.05), between melanoma patients with tumor size ≤ 2 cm and those with tumor size > 2 cm (0.45 ± 0.30 vs 0.39 ± 0.16, P > 0.05), or between patients with non-acral melanoma and those with acral melanoma (0.50 ± 0.22 vs 0.44 ± 0.24, P > 0.05). The expression levels of miR-489 in serum of patients with stages I-IV melanoma were 0.62 ± 0.29, 0.48 ± 0.24, 0.47 ± 0.22, and 0.31 ± 0.17, respectively, and there were significant differences between different groups (P < 0.05). The expression level of miR-489 in serum of patients with melanoma metastasis was significantly lower than that of patients with no metastasis (0.30 ± 0.16 vs 0.64 ± 0.30, P < 0.05). The expression of miR-489 was not related to age, gender, tumor size, or lesion site, but related to TNM stage and metastasis. More details are shown in Table 3 .
Relationship between expression levels of miR-21 and clinicopathological characteristics of melanoma:
The expression levels of miR-21 in serum did not differ significantly between melanoma patients aged ≤ 50 years and those aged > 50 years (4.72 ± 2.00 vs 5.84 ± 2.20, P > 0.05), between male and female melanoma patients (5.12 ± 1.75 vs 5.44 ± 2.45, P > 0.05), between melanoma patients with tumor size ≤ 2 cm and those with tumor size > 2 cm (4.99 ± 1.68 vs 5.57 ± 2.52, P > 0.05), or between patients with non-acral melanoma and those with acral melanoma (5.16 ± 1.55 vs 5.40 ± 2.65, P > 0.05). The expression levels of miR-21 in serum of patients with stages I, II, III, and IV melanoma were 3.60 ± 1.79, 5.28 ± 2.13, 5.23 ± 2.01, and 7.01 ± 2.47, respectively, and there were significant differences between different groups (P < 0.05). The expression level of miR-21 in serum of patients with melanoma metastasis was significantly higher than that of patients with no metastasis (6.38 ± 2.35 vs 4.18 ± 1.85, P < 0.05). The expression of miR-21 was not related to age, gender, tumor size, or lesion site, but related to TNM stage and metastasis. More details are shown in Table  4 .
Diagnostic value of miR-489 and miR-21 in melanoma metastasis
In the diagnosis of melanoma patients, the sensitivity, specificity, and AUC of miR-489 single diagnosis were 75.56%, 80.00%, and 0.8519, respectively. The sensitivity, specificity, and AUC of miR-21 single diagnosis were 77.78%, 82.22%, and 0.8444, respectively. More details are shown in Table 5 and Figure 2A and B.
Correlation of miR-489 and miR-21 in melanoma of different TNM stages
The expression levels of miR-489 in serum of patients with TNM stages I-IV melanoma were 0.62 ± 0.29, 0.48 ± 0.24, 0.47 ± 0.22, and 0.31 ± 0.17, respectively; the corresponding values for miR-21 were 3.60 ± 1.79, 5.28 ± 2.13, 5.23 ± 2.01, and 7.01 ± 2.47). Compared with patients with Hoehn-Yahr grade I, the relative expression of miR-489 and miR-21 in serum of patients with grades II and III decreased significantly (P < 0.05). With the increase of TNM stage, the relative expression of miR-489 in serum decreased, while the relative expression of miR-21 in serum increased continuously. Spearman correlation analysis of the relative expression of serum miR-489 and miR-21 in melanoma of different TNM stages showed that the relative expression of serum miR-489 was negatively correlated with melanoma TNM stage (r = -0.612, P < 0.001), while the relative expression of serum miR-21 was positively correlated with TNM stage of melanoma (r = 0.609, P < 0.001). More details are shown in Figure 3A -D. 
Predictive value of miR-489 and mir-21 in melanoma metastasis
Single-factor analysis of melanoma metastasis and related factors: Logistic singlefactor analysis of risk factors related to melanoma metastasis in melanoma patients showed that there were significant differences between patients with and without melanoma metastasis in age, lesion site, TNM stage, miR-489, and miR-21 (P < 0.05).
Patients' age, lesion site, TNM stage, miR-489, and miR-21 were all related to melanoma metastasis and were risk factors for melanoma metastasis, as shown in Tables 6 and 7 .
Multivariate analysis of melanoma metastasis and related factors:
Risk factors related to malignant melanoma metastasis were analyzed by multivariate conditional Logistic regression. The results showed that TNM stage, miR-489, and miR-21 were independent risk factors for melanoma metastasis, as shown in Table 8 .
DISCUSSION
Cutaneous melanoma metastasis is an important factor leading to poor efficacy and poor prognosis of melanoma patients [15] . Melanoma is an invasive skin cancer. The metastasis of melanoma is relatively hidden in the early stage. If it is detected in the early stage, it can be cured by surgical resection [16] . Clinical statistics of melanoma show that the 5-year survival rate of patients with early melanoma is 90%. However, the diagnosis of melanoma is often detected by doctors' visual scanning currently. The diagnosis rate for malignant melanoma with metastasis and diffusion in vivo is relatively low, while the survival rate for this advanced melanoma metastasis is only 15%-20% [17] . Therefore, it is of great clinical significance to find biological indicators closely related to the diagnosis and treatment of melanoma metastasis. In this study, we first detected the expression difference of miR-489 and miR-21 in serum of melanoma patients and healthy people by qRT-PCR technology. The results showed that the expression of miR-489 in the research group was significantly lower than that in the control group. However, the expression of miR-21 in the research group was significantly higher than that in the control group. MiRNAs can affect the biological function of tumor cells by regulating gene expression, regulating related tumor signal pathways, and thus affecting the development of tumors [18] . MiR-489 is down-regulated in ovarian cancer, gastric cancer, oral endometrial cancer cells, and other tumors. Relevant reports show that up-regulation of miR-489 can inhibit the proliferation and invasion of oral endometrial cancer cells [19, 20] ; researchers also showed that miR-489 expression decreased in serum of patients with melanoma, bladder cancer, and intestinal cancer. Among them, miR-489 can inhibit the proliferation and migration of melanoma A375 cells [21, 22] by targeting PAK5. However, miR-21, as a potential target molecule for melanoma treatment, is abnormally elevated in various tumor tissues including melanoma, and some researchers believe that miR-21 can play a role in inducing melanoma cell apoptosis by inhibiting the expression of apoptosis protein-related protein PDCD4 [23, 24] . Therefore, we believe that miR-489 is down-regulated in serum of melanoma patients. On the contrary, miR-21 is upregulated in serum of melanoma patients. Then we started with the clinical data of the patients in the research group to analyze the relationship between the expression levels of miR-489 and miR-21 and the clinicopathological characteristics of melanoma. Based on the analysis results, we speculate that the expression of miR-489 and miR-21 is related to TNM stage and metastasis of melanoma. At present, although there are no specific studies on TNM stage and metastasis of melanoma and miR-489 and miR-21, there are reports on miRNAs and melanoma, which suggest that the expression of miRNA-125b detected by qRT-PCR technology shows a decreasing trend in serum of melanoma patients. Furthermore, the expression of miRNA-125b in patients with different TNM stages and in those with and without lymph node metastasis was further detected through experiments. It was found that the higher the TNM stage, the lower the serum miRNA-125b in melanoma patients with lymph node metastasis, indicating that the expression change of miRNA-125b is related to the presence or absence of melanoma metastasis and clinicopathological stage, which extremely well supports the results of this study [25] . Then, we analyzed the correlation between miR-489 and miR-21 in melanoma of different TNM stages, and found that the relative expression of serum miR-489 decreased with the increase of TNM stage, while the relative expression of serum miR-21 increased continuously. Spearman correlation analysis showed that the relative expression of serum miR-489 was negatively correlated with TNM stage, and the relative expression of serum miR-21 was positively correlated with TNM stage. MiRNAs have been proved to be closely related to tumor stage. The expression levels of miRNAs increase or decrease significantly with tumor stage by inhibiting or promoting tumor development in different tumor types [26] . Finally, we analyzed the diagnostic and predictive value of miR-489 and miR-21 for melanoma metastasis. By drawing ROC curves, we found that in the diagnosis of melanoma patients, the single diagnosis with miR-489 or miR-21 had good sensitivity, specificity, and AUC. CT, ultrasound, MRI, and other imaging techniques are all routine clinical auxiliary examinations for the diagnosis of melanoma. There is a certain degree of misdiagnosis and missed diagnosis for metastatic melanoma in vivo. Combining with a serum tumor marker can better improve the diagnostic efficiency [27, 28] . Logistic single-and multiple-factor analyses showed that TNM stage, miR-489, and miR-21 were independent risk factors for melanoma metastasis. However, the diagnostic efficacy and predictive value of miR-489 and miR-21 expression changes in serum of patients with melanoma metastasis have not been studied in the past. In this study, miR-489 and miR-21 exhibited certain predictive value for the diagnosis and prognosis of melanoma metastasis.
This study confirmed the expression of miR-489 and miR-21 in melanoma patients and the predictive value for the disease, but there are still some deficiencies in the study. If there is no more specific analysis of the regulation of miR-489 and miR-21 expression changes on melanoma cells, it is difficult to further explain their biological functions. Moreover, miR-489, miR-21, and clinical routine tumor markers should be analyzed, which have certain influence on the improvement of research design. Therefore, future studies should be performed to resolve these problems.
To sum up, miR-489 is down-regulated in serum of melanoma patients. On the contrary, miR-21 is up-regulated in serum of melanoma patients. MiR-489 and miR-21 may be involved in melanoma occurrence, development, and metastasis, and can be used as potential serum biomarkers for melanoma metastasis diagnosis and disease assessment. 
ARTICLE HIGHLIGHTS
Research background
Malignant melanoma is a malignant neoplasm common in the skin or other organs. Patients with malignant melanoma often have metastasis due to the lesion, and the mortality increases significantly with the metastasis of the lesion, which has a serious impact on society and families. Therefore, it is of great significance to analyze the pathogenesis of human melanoma and to search for biological markers related to the diagnosis and treatment of melanoma.
Research motivation
At present, the diagnosis and clinical evaluation of melanoma are influenced by subjective factors to a certain extent. It takes a long time to monitor the metastasis of melanoma. Therefore, this study aimed to provide a new theoretical basis for the diagnosis and treatment of melanoma, and to study the expression characteristics of miR-489 and miR-21 in serum of patients with melanoma and their clinical significance.
Research objectives
To study the value of miR-489 and miR-21 in peripheral blood in the diagnosis and treatment of melanoma, and explore the application of serological analysis in the diagnosis and treatment of melanoma, so as to provide reference for clinical diagnosis and treatment of this malignancy.
Research methods
Sixty patients with malignant melanoma treated at our hospital from June 2017 to December 2018 were selected as a study group, and 40 healthy people in the same period were selected as a control group. The levels of miR-489 and miR-21 in serum were detected by qRT-PCR. The ROC curves were drawn to evaluate their predictive value and diagnostic efficiency. Spearman test was used for correlation analysis. The risk factors for melanoma metastasis were analyzed by Logistic single-and multiple-factor analyses. The value of miR-489 and miR-21 in the diagnosis and treatment of melanoma was verified.
Research results
The expression of miR-489 in the research group was significantly lower than that in the control group, while the expression of miR-21 in the research group was significantly higher than that in the control group. The expression of miR-489 and miR-21 was related to TNM stage and metastasis of melanoma. The relative expression of serum miR-489 decreased with the increase of TNM stage, while the relative expression of serum miR-21 increased. The relative expression of serum miR-489 was negatively correlated with TNM stage, and the relative expression of serum miR-21 was positively correlated with TNM stage. The single diagnosis with mir-489 or miR-21 had good sensitivity, specificity, and AUC in the diagnosis of melanoma patients. Logistic single-factor analysis showed that TNM stage, miR-489, and miR-21 were independent risk factors for melanoma metastasis. MiR-489 and miR-21 had certain predictive value in the diagnosis and prognosis of melanoma metastasis.
Research conclusions
MiR-489 and miR-21 have potential value in the diagnosis and treatment of melanoma, and they are expected to become potential indicators for the diagnosis and evaluation of melanoma in the future.
